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/Cription 



J001] The present mvention relates to shoe soles and shoe sole components and to methods of manufacturina sht*. 
soles and shoe sole components. More particularly, the invention relates to a flexible high polyme^Snrit? 
sote component and a method of thermoforming a shoe sole or so.e component ^ 8 06 50,6 °' 

^===5=35—2= 

foam midsole is m ?SS abraS '° n reSiStanCe 3nd ,raction Attachin 9 an to a 

touch-up and d^S pmcLi ' *" ^ USUa,ly with heat ' ™ s - by 

ha,, centered ™^7^o- SSAT- ^ cushion,^ properties of n&Jsoles. Efforts to improve stability 

of thifconceot Va7ousl?Z 1 ^ . *" att6mp,ed ' ^ 0081 and a PP ea ™<* factors have limited the use 
th,s concept. Vanous gels and gases have also been incorporated into midsoles in an attempt to enhance and pro- 
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long cushioning and energy return. However, soles incorporating gels or gases such as air are costly to manufacture 
and relatively unpredictable in their functional characteristics. 

[0009] Midsoles have also been constructed of a shell of a thermoplastic elastomer designed to encapsulate and pro- 
tect low density synthetic foams such as polyether. polyurethane or polyester polyurethane. Increased rigidity along the 
periphery of the sole is provided by convolutions in the shell material along the edge of the sole Plugs of denser foam 
are still incorporated into the main foam component where more rigidity in the inner foam component is desired More- 
over such shells are generally made by blow molding the thermoplastic material. Blow molding involves costly molds 
which limit the size and number of design changes. Additionally mold costs become a significant factor when the 
number of shoe sizes for each shoe model is taken into account. This is reflected in higher sole unit costs Thus shoes 
manufactured by blow molding techniques are limited to higher priced shoes although the gain in performance over tra- 
ditional sport shoes employing foam midsoles is not particularly significant since the interior of the shell sole is still com- 
posed of foam which breaks down and loses its cushioning effect in a relatively short period of time. Because of the cost 
involved in manufacturing such soles, their use has been limited primarily to heel components. Accordingly shoe sole 
components are desired having improved performance and cost effectiveness. 

[0010] WO-A-91/1 1928 describes a mid-sole for an article of footwear, having at least one plug in the heel region the 
pkig having sufficient height to be compressed in height with simultaneous bulging of its width due to normal walking 
activity. This prior art forms the preamble of independent claim 1. 

[0011] In accordance with the present invention, there is now provided a shoe sole component comprising a flexible 
h.gh polymer resin body member configured for incorporation into a shoe sole, the body member further comprising: 

(a) a top foot-platform sheet; and 

(b) a bottom sheet in at least partially coextensive relation to the top foot-platform sheet, the coextensive relation 
def imng opposing corresponding portions of the top and bottom sheets, the top and bottom sheets being in at least 
partially spaced relation to one another to define an interval therebetween; 

and being characterised by 

(c) a plurality of support members in the form of indentations in both of the top and bottom sheets, the indentations 
in each of the top and bottom sheets being integral with each of the sheets respectively and forming a recess on 
one sKJe of each sheet and a projection on the other side of each sheet, each projection configured to extend into 
he interval, one or more of the indentations abutting an indentation in the opposing sheet to retain the top and bot- 
tom sheets in the coextensive and spaced relation. 

2 01 ? i. f neral termS ' the Sh ° e 50,6 com P° nent of th e invention comprises a body member constructed from a flex- 
ible high polymer resin. The sole component is characterized by a top foot-platform member which can be directly or 
.ndirectiy connected to a shoe upper. The component further comprises a corresponding bottom member which can be 
used either as the ground contacting member or for attachment to an outsole material. Internal support members for 

ilS 6 TT^T* ^ Pr ° Vided by indentations in one or of the top and bottom members. The indentations 
extend into the interval between the top and bottom members and can contact or bridge with the opposite component 
member. The support members formed by the indentations in the flexible sole component material provide flexible 
resistanceto compressive forces exerted on the sole component. The component can also include a wall member coex- 
tensive with the top and bottom members. 

[0013] The shoe sole component can be constructed through molding sheets of plastic resin in molds configured to 
form shapes for mcorporation into shoe soles and with protrusions to provide the indentations in the material for the 
S^.r^'L mechanism for formin 9 ,ne component of the present invention is through thermoforming 
. f u .L " 9 S a process of shapin9 p,astic resin bv heatin 9 a sheet or film of the plastic to a temperature 

at which the resin is sufficiently pliable to be shaped into a desired form and then forcing the material into a one-sided 
mow. The sole component of the invention is preferably constructed by (1) heating afirst thermoplastic sheet to its form- 

( m 5 s 3 $SCOnd therm °P !as{5c sheet 10 ^ mi "9 temperature. (3) forcing the first thermoplastic 
sheet into a firs mold configured to provide an upper sole component half having a top foot-platform member and torc- 
ng the second thermoplastic sheet into a second mold configured to provide a lower sole component half having a bot- 

Z ZTu'^ <4) iC T 9 ,09ether ^ m ° Wed halves bv 9 ,ui "9- w ^"9- ^ing. coupling or the like 

The mold halves are configured to indent either or both of the top and bottom members at selected points to provide 
internal support members. A particularly preferred construction method is to close together the mold halves while the 
material is at its forming temperature such that the sole component halves are fused or welded together at their contact 
points. 

m ! mberS ° an be ,hermo,ormed int0 a vari *y of shapes and sizes to provide specific areas of 
differing degrees of flexibility for stability and cushioning. For example, inwardly directed indentations can take the 
shape of conal-shaped pins which extend from either the top or bottom member and engage the opposite member The 
pins can be grouped closer together where greater resistance is required for areas where a foot exerts the greatest 
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pressure such as in the forefoot and heel regions of the sole. Pins can be grouped further apart or replaced by larger 
support members in weight bearing areas to increase cushioning. Support members can also be provided by indenta- 
tions from the top foot-platform member extending into and contacting a corresponding indentation from the bottom 
member. The corresponding iruientations can be fused or welded together during the thermoforming process to provide 
an internal support member combination bridging the top and bottom members of the sole component. 
[0015] In addition, forming the sole component from two sheets of thermoplastic resin allows the sole component to 
be constructed of two different materials having different properties to create a variety of functional responses difficult 
to achieve through the use of only one material. For example, the bottom member can be constructed of a thermoplastic 
which is thicker, and accordingly strffer, while the top member is constructed of a thermoplastic which is thinner and 
more flexible. In addition, support members constructed by corresponding indentations extending from the top and bot- 
tom members made of different materials can provide support members having dual properties. For example, the lower 
portion of the support member provided from the strffer thermoplastic material will provide a stiffer support member por- 
tion and thus will provide greater resistance to forces exerted on the bottom portion of the sole. The upper portion of the 
support member constructed from the indentation of the thinner, more flexible material will exhibit greater f lexSbtlrty, and 
accordingly provide more cushioning in response to pressures exerted on the top member of the sole component By 
varying the shapes and sizes of the support members and the properties of the thermoplastic materials employed, the 
designer can control stability and cushioning characteristics throughout the sole component. 

FIG. 1 is a side view of an athletic shoe having a sole component according to one embodiment of the present 
invention. 

FIG. 2 is an exploded view of the athletic shoe shown in FIG. 1 . 

RG. 3 is a top plan view of the sole component embodiment shown in FIG. 2. 

FIG. 4 is a bottom plan view of the sole component embodiment shown in FIG. 2. 

FIG. 5 is a perspective view of unjoined sole component halves showing the internal structure of the sole compo- 
nent embodiment shown in RG. 2.. 

RG. 6 is a cross sectional view of the sole component embodiment taken along line 4-4 in RG. 2. 

RG. 7 is a cross sectional view of the sole component embodiment taken along line 5-5 in RG. 2. 

FIG. 8 is a perspective view of unjoined internal support members according to one embodiment of the present 
invention. 

RG. 9 is a perspective view of joined internal support members illustrated in RG. 8. 

RG. 10 is a perspective view of one embodiment of the present invention showing a cup sole embodiment 

RG. 11 is a schematic illustrating a twin-sheet thermoforming process. 

RG. 12 is a perspective partial cutaway exploded view of a sole component mold, corresponding lower sole com- 
ponent portion and outsole members according to one embodiment of the present invention. 

FIG. 13 is a perspective view of the lower half of the sole component with outsole members according to the 
embodiment of the present invention shown in RG. 12. 

RG. 14 is a cross sectional view of the mold illustrated in Rg. 1 2 showing an outsole member recessed in the mold 
and in locking engagement with sole component material. 

RG. 1 5 is a cross sectional view of an outsole member having a plurality of protrusions in locking engagement with 
sole component material. 

FIG. 16 is a bottom plan view of a shoe upper showing one half of an attachment means according to one embod- 
iment of the present invention. 



EP 0 605 485 B1 



FIG. 1 7 is a top plan view of a sole component according to one embodiment of the present invention showing the 
corresponding attachment means illustrated in FIG. 11. 

FIG. 18 is a side cross sectional view of the shoe upper and sole component attachment means illustrated in FIGS 
16-17. 

FIG. 19 is a bottom plan view of a shoe upper according to one embodiment of the present invention showing one 
half of one alternative attachment means. 

FIG. 20 is a top plan view of a sole component according to one embodiment of the present invention showing the 
corresponding attachment means illustrated in FIG. 19. 

FIG. 21 is a side cross sectional view of the shoe upper and sole component attachment means shown in FIGS 
19-20. 

[0016] The present invention is a shoe sole component made of a flexible high polymer plastic resin. The sole com- 
ponent can comprise the entire shoe sole or a portion of the sole such as a midsole, heel section, arch section or fore- 
foot section. Depending on how the component is used, the component's general shape is configured for incorporation 
into a shoe sole. For example, if the sole component comprises the entire shoe sole, the component is configured to 
cooperate with a shoe upper, e.g.. the sole is shaped to match and to accommodate a shoe upper. H the component 
comprises a portion of a sole, the component is configured to cooperate with the other portions of the sole to complete 
the sole. For example, the sole component can form the heel portion of a sole in conjunction with other sole materials 
such as traditional ethylene-vinyl acetate copolymer (EVA) foam midsole portions and outsole materials. If the sole 
component is a midsole, the midsole is configured to accommodate a shoe upper and an outsole. 
[0017] The sole component generally consists of one or more high polymers, generally synthetic, which can be 
molded or formed by heat and pressure. Preferably, the high polymers are thermoplastic polymers or thermoplastic pol- 
ymers which can be made into thermoset polymers following molding. The polymer is formed into a body member con- 
figured for use as a shoe sole or as a portion of a shoe sole. Regardless of the specific role of the sole component, the 
body member generally comprises a top foot-platform member and an opposing bottom member. The top foot-platform 
member is the surface of the body member oriented towards the shoe upper. Other various intermediate materials can 
be disposed between the top member and the upper. The body member further comprises a bottom member which is 
the portion of the component body member oriented towards the ground-contacting portion of the sole. The bottom 
member is in at least partially coextensive relation to the top member. The coextensive relation between the top and 
bottom members defines corresponding portions between the top and bottom members. Moreover, the top and bottom 
members are disposed in at least partially spaced relation to each other. For example, where the body member is to 
function as a sole or midsole component, the top and bottom members are spaced apart in a generally parallel planar 
relationship from the heel region through the mid section of the component. However, as the top and bottom members 
extend through the forefoot region, the members can taper towards each other and eventually meet. In any event, the 
members are at least in partially spaced relation to one another such that the spaced relation defines an interval 
between the top and bottom members. 

[001 8] Disposed in the interval between the top and bottom members are a plurality of support members. The support 
members are comprised of inwardly directed indentations in one or both of the top and bottom members. The indented 
portions of the body member extend into the interval to a point adjacent the corresponding portion of the opposite mem- 
ber. Adjacent as used in describing the present invention means that the indentation extends to a point which is at least 
proximate the corresponding portion of the opposing member and can be engaged with the opposite portion. The 
engagement can be fixed or non-fixed. In one embodiment of the present invention, one or more of the support mem- 
bers are fixedly engaged or are joined to the corresponding portion of the opposite member to retain the top and bottom 
members in their coextensive and spaced relation. In another embodiment of the present invention, the top and bottom 
members can be retained in their spaced and coextensive relation by coupling members extending between the top and 
bottom members. In this instance, support members can be in a fixed or non-fixed relation as design criteria indicate. 
[0019] In another embodiment of the present invention, the body member further comprises a wall member which is 
coextensive with at least a portion of the periphery of the top and bottom members. In this embodiment, the wall mem- 
ber can join the top and bottom members to retain the members in their spaced and coextensive relation. Moreover, 
where the wall member is continuous along the periphery of the top and bottom members, the cooperation among the 
top. bottom and wall members serves to define a shell having internal support members formed from inwardly directed 
indentations extending into the shell interior and adjacent to corresponding portions of the opposite member. 
[0020] As indicated, the support members are integral portions of the sole component comprising inwardly directed 
indentations in the polymer materials forming the top and bottom members of the sole component. The support mem- 
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bers provide mechanical levers which provide a controlled collapsing of the material to create areas of cushioning and 
stability in the component. The support members are configured to extend into the interval between the top and bottom 
members and adjacent the opposing corresponding portion. The indentations can be formed in one or both of the top 
and bottom members. Moreover, the opposing corresponding portion can itseH be an inwardly extending indented por- 
tion. In this instance, the opposing corresponding support members extend into the interval and adjacent to one 
another. Again, the corresponding indented portions are at least proximate to one another and can be engaged with 
one another in a fixed or non-fixed relation. The indented portion of the top or bottom members can be to any extent 
which retains enough of the top and bottom members' non-indented surface area to provide adequate support for use 
as a sole component. For example, components having an indented portion of about 50% are contemplated. To further 
illustrate the invention, reference is made to a preferred embodiment wherein the sole component is a midsole portion 
of a shoe sole. 

[0021] Referring to Figs. 1-2, a shoe 1 , such as a typical running shoe, is shown having an upper 2 and sole 3. The 
shoe upper has a lower surface configured for cooperative engagement with the sole As indicated, the sole comprises 
a midsole 4 and outsole portions 5. The midsole is configured to cooperate with the sole engaging surface of the shoe 
upper. In the embodiment illustrated, the midsole 4 is a shell comprising a top foot-platform member 6. a bottom mem- 
ber 7, and a wall member 8. The top and bottom members are in generally parallel ptanar relation to each other in the 
heel and mid section of the sole, tapering towards each other as the midsole progresses towards the forefoot region 
and on to the front portion of the midsole where the top and bottom members meet. The top and bottom members are 
in coextensh/e relation and are partially spaced apart from one another to define an interval between the top and bottom 
members. The contiguous wall member 8 joins the edges of the top and bottom members to form a shell having an inte- 
rior space. A plurality of inwardly directed indentations 9 in the top and bottom members extend toward and adjacent to 
the opposite member and serve to provide internal support to the sole component structure. As indicated, the indenta- 
tions can be in one or both of the top and bottom members. 

[0022] Figs. 3-4 showing top and bottom members, FIG. 5 showing unjoined sole component halves, and Figs. 6-7 
showing cross sections of the midsole 4 taken along lines 4-4 and 5-5 as shown in Fig. 2, further illustrate the inwardly 
extending support members. As illustrated, the indentations can take a variety of shapes for forming internal support 
members. In the forefoot region are indented conal-shaped pins 10. extending from the top member 40. and corre- 
sponding conal-shaped pins 1 1 extending from the bottom member 41 , which extend into the interval between the top 
and bottom members. Channels extending across the forefoot region form flex grooves 12 in the upper sole component 
half and corresponding flex grooves 13 in the lower sole component half. The flex grooves 12 and 13 also cooperate in 
the interior of the sole component to form ribbed support members when the component halves are joined. In the arch 
region or mid section of the sole component, inwardly extending conal-shaped pins 14 extend toward and cooperate 
with platform member 15. Platform member 15 is formed by an indentation in the lower sole component half. The heel 
region is shown having a large pin member 18 extending inwardly from the upper sole component half towards a corre- 
sponding pin member 19 in the lower sole component half. Inwardly extending channels 16 and 17 in the upper and 
lower sole components halves also cooperate to form internal ribbed support members extending from the lateral por- 
tions of the mid section of the sole component rearward around the large pin members 18 and 19. In the embodiment 
illustrated, the large pin/pin arrangement cooperates with the concentrically arranged channels to form a "donuT in the 
heel of the sole component The sidewall member 8 is shown having vertical convolutions 20 which cooperate with cor- 
responding convolutions 21 along the periphery of the lower component half to provide additional structural support 
along the component's periphery. 

[0023] As illustrated, support members can cooperate by the contact between corresponding indentations in the 
upper and lower sole component halves. Figs. 8-9 illustrate a contact point between two indented materials to form 
cooperating support members in accordance with one embodiment of the present invention when the upper and lower 
sole component halves, such as those illustrated in Figs. 3-7 are joined. Referring to Figs. 8-9, upper conal-shaped 
member 10 formed in the upper sole component half 40 is contacted with a corresponding conal-shaped member 1 1 
formed in the lower sole component half 41 . The point of contact can be fixed or non-f ixed. If fixed, the indentations can 
be joined at their contact point such as by gluing, fusing, welding or the like 

[0024] In some instances the inwardly directed indentations touch or rest against the opposing sole component mem- 
ber or corresponding indentations in the opposing sole component member, but are not attached or joined to the corre- 
sponding points on the opposing member. For example, pins 14 in the arch area of the top member can extend into the 
sole interior towards and proximate to the indented platform 15 in the bottom member, but remain detached from the 
platform. In some instances the design might indicate that indentations not engage the opposite member until a suffi- 
cient amount of pressure is applied on the top or bottom sole component member to cause contact between the inden- 
tation and the corresponding opposite member portion. 

[0025] Taking into account the general physical properties of the thermoplastic materials employed, the size, type and 
grouping of support members are determined by the functional requirements of the intended sole. For example, the 
pressure exerted by a foot on a sole is at the highest under the ball of the foot and under the heel. Accordingly, materi- 
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als, support menders, and location of support members are selected to provide more cushioning and stability in these 
areas of the sole. Similarly, areas of the sole requiring more rigidity employ materials, support members, and support 
member locations which provide increased stiffness or rigidity. For example, pins can be grouped closer together where 
foot pressures on a sole would be expected to be greatest and consequently more resistance is required. Another 
example is the use of different support member shapes in conjunction with each other to pr ovkJe precise areas of cush- 
ioning and support. For example, pins can be made larger in areas where foot pressures are greatest such as in the 
heel region of the sole, to provide a mere cushioned heel striking location. The cushioned heel strike area can be sur- 
rounded by smaller, more densely grouped pins, or by a ribbed support member, to provide increased heel stability at 
the periphery of the heel region. Lateral stability can be enhanced by the addition of walls extending upward along the 
periphery of the top member. For example, referring to Fig. 1 0, a cup sole formed by the addition of walls 22 and 23 can 
be molded into the sole component to provide an integrated sole component having added lateral support for activities 
such as tennis. 

[0026] As stated, the polymers selected for constructing the present invention must be flexible enough to function as 
a sole component Generally, flexible means the shaped polymer component will bend or give in response to an applied 
force without cracking or breaking in its hardened state. Particularly preferred polymers for use in the present invention 
are elastomers which have high elongation. In general, the greater the elongation the greater the flex life and resilience 
of the sole component. Good elongation properties are also desirable to create an adequate range of cushioning in the 
sole, as well as creating the immediate comfort for which athletic soles have become known. For example, polymers 
with an elongation at break of about 250% to about 300% or more as measured according to ASTM D 638 are repre- 
sentative of desirable polymers for use in the present invention. Preferably, the sole component will have a flex life of 
about at least 50,000 flexes. An indicator of such desirable flex life can be determined, for example, by the use of flexing 
machines such as the Satra/Bata belt flexing machine manufactured by Satra Footwear Technology Centre, Kettering, 
Northhamptonshire, England. In actual use, preferred sole components should withstand at least about one million foot 
strikes. 

[0027] In addition, the hardness of the material is important to desirable sole component characteristics such as sole 
integrity, lateral stability, etc. In addition, harder materials permit the use of thinner materials for constructing the sole 
component and thus decrease the weight of the component. Generally, preferred polymers will have a hardness ranging 
from about 70 on the Shore A scale up to about 55 on the Shore D scale (ASTM D 2240). Other preferred characteris- 
tics of the sole component material are: (1) formability, i.e.. the ability of the material to be molded into the desired com- 
ponent shape. (2) abrasion resistance. (3) clarity, (4) good tear strength, (5) low density, (6) good tensile strength, (7) 
the ability to integrate the material into existing footwear manufacturing methodology. (8) the ability to color the material, 
and (9) cost. High tensile strength is desired for coping with high shear forces encountered during high activity use such 
as running. In addition, high tensile strength permits the sole to be molded thinner. Clarity is important in achieving 
sharp color contrast, which is vital to acceptable sole decoration. Transparency is another consideration where the cos- 
metic design of the shoe includes a transparent portion of the sole as fashion and industry trends might dictate. Inte- 
gration into existing footwear manufacturing processes includes such factors as ease of cementing the component to 
other shoe materials. 

[0028] As indicated, the sole component is preferably constructed of a thermoplastic resin. Preferable materials are 
those which are easily thermoformable into desired flexible sole component configurations. Materials which can be ther- 
moset after molding and retain the flexible characteristics for the sole components of the present invention are included 
within the scope of preferred thermoformable materials. Thermoset resins solidify or set irreversibly when heated due 
to crosslinking between the polymer chains. Crosslinking can be achieved by using nucleating agents, mold tempera- 
tures above the materials forming temperature, radiation, etc. A thermoset resin once set or cured cannot be softened 
again by heating. Thermoset resins are generally characterized by high thermal stability, high dimensional stability and 
high rigidity and hardness and include resins such as polyesters and urethanes. 

[0029] Thermoplastic resins can be either crystalline or amorphous and can be repeatedly softened by heating. Amor- 
phous thermoplastics include acrylonitriie-butadiene-styrene (ASS) copolymer, styrene. celiuiosics and polycar- 
bonates. Crystalline thermoplastics include nylons, polyethylene, polypropylene and polyurethane. Examples of 
particularly preferred materials for use in the present invention include thermoplastic potyurethanes, nylons, polyesters, 
polyethylenes. polyamides and the like. 

[0030] The following descriptions further illustrate the types of desirable materials for use in the present invention. 
Thermoplastic polyurethanes exhibit good flex life, especially at higher hardnesses, good abrasion resistance, cement- 
ing ease, good elongation and clarity. Examples of particularly preferred thermoplastic polyurethanes are the Elastol- 
lan R 1100 series of polymers manufactured by BASF Corp. Parstppany, New Jersey. Properties of representative 
Elastollan® polymers are provided in the table below. 
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PROPERTY 


as™ 


UNITS 


GRADES 








1190A 


1154D 


1154D 


Specific Gravity 


D-792 


gr/cc 


1.13 


1.16 


1.19 


Hardness 


D-2240 


Shore D 


4212 


5312 


7312 


Tensile Strength 


D-412 


MPa 


32 


40 


40 


Elongation @ Break 


D-412 


% 


575 


460 


350 


Abrasion Resistance 


D-1044 


mg 


45 


75 


75 



[0031 ] Nylons exhibit good tensile strength and thus can be molded thinner. In addition, they have low density, and 
are therefore lighter, and exhibit good flex life. An example of a prefened nylon polymer for use in the present invention 
is Zytel 714 manufactured by E.I. DuPont de Nemours & Co.. Wilmington, Delaware. Representative properties of Zytel 
7 1 4 are provided in the following table: 



PROPERTY 


ASTM 


UNITS 


ZYTEL 714 


Specific Gravity 


D-792 


grlcc 


1.02 


Hardness 


D-2240 


Shore D 


55 


Tensile Strength 


D-638 


MPa 


27.2 


Elongation @ Break 


D-638 


% 


260 



[0032] Polyesters exhibit good low density, cementing ease, tensile strength and elongation. An example of preferred 
polyester polymers are various polymers of the Hytrel series of thermoplastic elastomers manufactured by E.I. DuPont 
de Nemours and Company. Hylrel polymers are block copolymers of polybutylene terephthalate and long-chain poly- 
ether glycols. Properties of representative examples of Hytrel polymers are provided in the following table: 



PROPERTY 


ASTM 


UNITS 


GRADES 








4056 


5555HS 


G-4774 


Specific Gravity 


D-792 


gm/cc 


1.16 


1.16 


1.20 


Hardness 


D-2240 


Shore D 


40 


55 


47 


Tensile Strength 


D-638 


MPa 


28 


40 


20.7 


Elongation <§> Break 


D-638 


% 


550 


500 


275 



[0033] Polyamides exhibit good tear strength, high resilience, low density, good flex life and clarity. An example of a 
prefened polyamide material is Pebax manufactured by Atochem. Paris, France, which is a polyether block amide ther- 
moplastic elastomer. Properties of representative Pebax polymers are provided in the following table 



55 
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PROPERTY 


| ASTM 


UNITS 


GRADES 








533 


4033 


3533 


Specific Gravity 


D-792 


gm/cc 


1.01 


1.01 


1.01 


Hardness 


D-2240 


Shore D 


55 


40 


35 


Tensile Strength 


D-638 


MPa 


44 


36 


34 


Elongation @ Break 


D-638 


% 


455 


485 


710 



[0034] Another example of a preferred polymer is Surlyn. manufactured by E. I. DuPont de Nemours and Company 
Surlyn is an ionically crosslinked thermoplastic polymer (ionomer) of ethylene and methacrylic add copolymers which 
exh.b.t good tear strength, low density, and good flex life. Properties of Surlyn ionomers are provided in the following 



PROPERTY 


ASTM 


UNITS 


GRADES 








9020 


9450 


Specific Gravity 


D-792 


gm/cc 


0.96 


0.94 


Hardness 


D-2240 


Shore D 


55 


54 


Tensile Strength 


D-638 


MPa 


26.2 


21.4 


Elongation @ Break 


D-638 


% 


510 


500 



[0035] As stated, the descnption of properties of specific polymers is for the purpose of illustrating the types of poly- 
mers having desirable properties for use in the sole components of the present invention. Many other polymers with 
similar properties are suitable for use in the present invention. Moreover, the data provided is based on available infor- 
mation and cannot be used for direct comparisons among polymers or for guiding precise design specifications For 
example. ASTM testing permits alternative methods for developing property data. In addition, other ingredients added 
to polymers, such as fillers, reinforcing agents, colorants, etc.. can cause variations in properties. 
[0036] A preferred method of constructing the sole component of the present invention is to mold sheets of a flexible 
high polymer plastic resin to form upper and lower sole component hafves and then joining the halves to complete the 
sole component. Preferred materials, as stated, are sheets of flexible thermoplastic resins which can be heated and 
molded into desired sole component shapes. An example of a particularly preferred thermoplastic sheet material is 94 
Shore A thermoplastic polyurethane sheet such as is available from Araotech. Inc., Greenfield. Massachusetts Sheets 
are generally about 0.25 mm (about 0.010 inch) thick. The thickness of the sheet is selected according to design crite- 
ria, but will generally range from about 1 to about 2.5 mm (about 0.040 to about 0.100 inch) depending on the particular 
material properties. For example, particularly preferred thicknesses for 94 Shore A thermoplastic polyurethane ranges 
from about 1 .5 mm to about 2.0 mm (about 0.060 inch to about 0.080 inch). 

[0037] In one embodiment of the present invention, a sheet of a first flexible thermoformable material is heated to its 
forming temperature and then molded in a corresponding first moid configured to form from the material an upper sole 
half having a top foot-platform member. A sheet of a second flexible thermoformable material is heated to its forming 
temperature and molded in a corresponding second mold configured to form from the material a lower sole component 
half having a bottom sole component member. The molds are further conf igured to provide indentations in one or both 
of the top and bottom members famed from corresponding protrusions in one or both of the molds For example Figs 
3-5 show molded but unjoined sole component halves wherein the upper sole component half 40 and lower sole com- 
^f"!* 18 " 41 mrror th6 rBSpeCtive u PP er and ,ower "To* 15 havin 9 a Plurality of indentation forming protrusions Once 
molded, the upper and lower sole component hafves are cooled sufficiently for removal from the mold and are then 
joined together such as by gluing, fusing, welding, coupling with separate coupling members such as rivets and the like 
or by other suitable attachment means. 

[0038] One advantage of the construction method of the present invention is the ability to use two different materials 
having different properties to create a variety of functional values not possible with one material. For example, the sole 
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component can be constructed of materials having different thicknesses. Moreover, the shapes used to create function 
in the sole component can all be connected during the molding process. This is highly advantageous when constructing 
a sole component having adequate cushioning and stability, without adding additional costly operations. For example, 
a particularly preferred method of constructing the sole component of the present invention is through the use of spe- 
cially designed twin-sheet thermoforming molds and techniques. 

[0039] Thermoforming in general is a process of shaping thermoplastic resin by heating a sheet or film of the plastic 
resin to a temperature sufficient to make the resin pliable enough to be shaped into a desired form. Generally, the mate- 
rial is heated uniformly throughout to its normal forming temperature. The normal forming temperature is determined by 
heating the material to the highest temperature at which it still has enough hot strength to be handled, yet is below the 
degrading temperature of the material. Preferably, the material will have a hot tensile strength adequate to allow the 
material to stretch uniformly onto and around the mold. The material at its forming temperature is then clamped at its 
edges and forced into a one-sided mold, typically a temperature-controlled aluminum mold, by applying a vacuum to 
the mold side of the material to force the material into the mold. Positive air pressure is also typically applied to the 
material surface opposite the mold side of the material to assist in forcing the material firmly into the mold. When the 
sheet material is at its forming temperature, the material is essentially annealed (stress-relieved). To avoid forming in 
stress, the hot sheet should be forced against the mold as rapidly as possible by application of the vacuum and air pres- 
sure. Once molded, the part is cooled to its set temperature which is the temperature at which the part hardens suffi- 
ciently to permit removal of the part from the mold without deforming the molded part. The molded part is then trimmed 
of excess material, which is generally present at the edges of the molded article where it has been clamped. The excess 
material can be recycled if desired. 

[0040] Twin-sheet thermoforming in particular uses two sheets of material heated to their forming temperatures, the 
upper sheet forced up into an upper mold half and a lower sheet forced down into a corresponding lower mold half. The 
two mold halves are pressed together and the pressure of the two molds squeezing the sheets together at their forming 
temperature effectively welds the two materials together at their points of contact. As illustrated in Figs. 3-7, the points 
of contact can be along the periphery of the upper and lower sole component halves and between indentations and cor- 
responding portions of the opposite member. In addition, points of contact can be between corresponding indentations. 
As indicated, air pressure can be applied between the sheets to assist in forcing the material firmly into the molds. Par- 
ticularly preferred materials for twin-sheet thermoforming should exhibit good specific heat. i.e.. the hot sheet retains its 
temperature for a sufficient time in the process to easily join surfaces at their contact points. Thermoplastic pdy- 
urethane, for example, exhibits good specific heat. 

[0041] The present invention's process of thermoforming the shoe sole component is illustrated generally by refer- 
ence to Fig. 11. Referring to Fig. 11 . two rolls of thermoplastic sheet stock 30 and 31 are fed from rolls 32 and 33 over 
rollers 34 to sheet stock heaters 35 to raise the temperature of the sheet stock to substantially its normal forming tem- 
perature. The sheet stock is then advanced to the form station 36 having an upper sole component mold 37 and a lower 
sole component mold 38. The mold halves are closed together and the vacuum is applied to the mold halves to force 
the upper sheet material into the upper mold 37. and the lower sheet material into the corresponding tower mold 38. Air 
pressure can also be applied between the sheets to assist in forcing the materials firmly into the molds. The mold halves 
remain closed together for a time sufficient to weld the upper and lower materials together at their points of contact. For 
94 Shore A thermoplastic polyurethane 1 .5 to 2.0 mm (0.060 to 0.080 inch) thick, for example, the sheets are molded 
at about 400°F and a cycle time of about 20 seconds. The mold halves are then retracted and the formed sole 39 is 
removed from the mold after sufficient cooling and advanced further down the line for trimming. 
[0042] Thermoforming has many advantages over other types of molding, including blow molding, when it comes to 
producing a sole component that is capable of delivering adequate function. Thermoformed soles have tight tolerances 
as compared to other foam or partial-foam soles. Cushioning, flexibility, stability, etc. are more predictable with the 
materials used in thermoforming and thus makes more feasible the application of foot dynamics research to shoe 
design. Moreover, as illustrated, the thermoformed material can be curved or bent at various angles to provide a variety 
of indented shapes to create regions of selected resistance in the sole to the pressures exerted by the foot and by 
ground contact. Therefore the invention lends itself to a variety of alternative embodiments as dictated by design con- 
siderations. For example, the shapes can be conal-shaped. such as conal-shaped "pins." ridges, cubes platforms ribs 
and the like. 

[0043] As described, the upper and lower sole component halves can be constructed of different thermoplastic mate- 
rials. Accordingly, a number of advantages can be engineered into the sole. For example, the top member can be com- 
posed of a thicker, heavier thermoplastic material, while the bottom member is composed of a thinner, lighter 
thermoplastic material Similarly, having corresponding support members of two different materials increases the ability 
of the designer to construct differing degrees of flexibility or resistance into specific areas of the sole component By 
varying the materials employed in terms of specific properties such as tensile strength, material thickness and elonga- 
tion and by varying indentation configurations to form support members, a number of consistently reproducible regions 
of desired resistance and flexibility can be engineered into the sole to meet specific requirements. For example, in 
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pin/pin arrangements, a thicker, more rigid material can be employed as the top member and a thinner, more f lexible 
material can be employed as the bottom member. The upper pin portion extending from the top member from a stiffs- 
material, would form a more rigid upper pin portion. The lower pin member extending from the bottom sole member 
would provide a more flexible, "softer" lower support member. Consequently, cooperating support members are pro- 
5 vided having dual characteristics enabling the functional response of the support members to be more precisely engi- 
neered. In addition, where the component includes a wall member, the wall member can be formed from two materials, 
i.e., the wall can be split between the upper and low©- sole component halves. 

[0044] Thermoforming also offers additional advantages. Thermoforming is efficient and cost effective. Blow molding, 
for example, requires numerous mold changes to make all the various sizes of right and left soles. Such mold changes 

w are not economically desirable. Thermoforming should permit a sole unit per mold time advantage of at least 5 to to 
times. In addition, blow molding can use only 1 - 4 molds per cycle. The entire sole size range of approximately 36 
molds can be thermoformed in one cycle. In addition, the thermoforming process can utilize laminate or printed graph- 
ics attached to the plastic sheeting before forming. This permits high precision graphics and unlimited color use. Four- 
color photo processes could be used for example. Molds can also be configured to add texture to the component mate- 

is rial. Moreover, the thermoforming process does not stretch the hot plastic nearly as much as Wow molding. Limiting 
stretching is vital to keeping graphics acceptable. Stretching also affects the consistency of the material's thickness, 
which in turn affects the consistency of the sole component's function. 

[0045] The present invention also lends itself to a number of alternative design considerations. The interval can con- 
tain foam, such as traditional EVA foam, as consumer or user demands might dictate. One or more recesses such as 

20 circular shaped indentations or channels can be molded into the sole component to provide receptacles for cooperating 
with locking members protruding from outsole materials to attach an outsole to the bottom member of the sole compo- 
nent. In addition, an outsole can be attached to the sole component during the molding process. This is further illus- 
trated by reference to Figs. 12-15. Fig. 12 shows a partial cutaway view of a lower sole component mold half 24 in 
accordance with one embodiment of the present invention wherein outsole member recesses 25 are designed into the 

25 mold. Prior to molding the lower sole half, outsole material 26. such as synthetic rubber material, is positioned in the 
corresponding recesses 25. The material 27 for the lower sole component half is molded around protrusions extending 
from the outsole material thereby locking the outsole material into the sole component as illustrated in Fig. 13 showing 
indentations 28 in locking cooperation with the outsole material 26. Referring to Figs. 14-15, vacuum ports 29 in the 
recesses cooperate with channels in the outsole material which permits communication between the vacuum ports and 

30 the interior of the mold to permit the applied vacuum pressure to pull the hot sole component material around the pro- 
trusions of the outsole material. Fig. 1 5 illustrates an alternative embodiment wherein a plurality of protrusions extend 
from an outsole member recessed in the mold. An adhesive can be applied to the outsole material prior to molding to 
ensure adequate bonding between the sole component and the outsole material. The indentations housing the outsole 
material can also function as support members. In a preferred embodiment, the outsole would cover indentations in the 

35 bottom member to prohibit dirt and other foreign material from becoming lodged in the indentations. 

[0046] The sole of the present invention can he attached to an upper in a variety of ways as well. One traditional 
method is simply to cement the sole to the upper. Thermoforming, however, lends itself to particularly advantageous 
means for attaching the sole component to an upper. For example, cementless attachment mechanisms include a 
series of one-way snaps which fit into receptacles in either the shoe upper or the sole to lock the shoe upper to the sole. 

40 Preferably, the top member of the sole would be thermoformed with receptacles around the periphery of the upper sur- 
face of the sole member's top and designed to accept corresponding one-way snaps extending outwardly from the 
periphery of the bottom of the shoe upper. Referring to Figs. 1 6-18, the upper surface of the top member of the sole 50 
in accordance with the present invention is shown wherein snap receptacles 51 are positioned along the periphery or 
outside edge of the upper surface of the sole. The lower surface of the shoe upper 52 includes outwardly extending one- 

45 way snaps 53 positioned along the periphery of the lower surface of the shoe upper to correspond to the location of the 
receptacles in the sole. Figs. 19-21 illustrate an alternative embodiment wherein a locking channel 54 is molded into 
the upper surface of the top member of the sole 50 along its periphery and a corresponding Wppedi rib member 55 
extends downward from the lower surface of the shoe upper 52. The lip is engaged in the locking channel to attach the 
shoe upper to the sole. 

so 

Claims 

1 . A shoe sole component comprising a flexible high polymer resin body member configured for incorporation into a 
shoe sole, the body member further comprising: 

55 

(a) a top foot-platform sheet (40); and 

(b) a bottom sheet (41) in at least partially coextensive relation to the top foot-platform sheet, the coextensive 
relation defining opposing corresponding portions of the top and bottom sheets, the top and bottom sheets 
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being in at least partially spaced relation to one another to define an interval therebetween; 
and being characterized by 

(c) a plurality of support members (9) in the form of indentations in both of the top and bottom sheets, the 
indentations in each of the top and bottom sheets being integral with each of the sheets respectively and form- 
ing a recess on one side of each sheet and a projection on the other side of each sheet each projection con* 
figured to extend into the interval, one or more of the indentations abutting an indentation in the opposing sheet 
to retain the top and bottom sheets in the coextensive and spaced relation. 

2. A sole component according to claim 1 , wherein one or more of the indentations provide substantially conal-shaped 
support members ( 1 0. 1 1 . 1 4). 

3. A sole component according to claim 1 or claim 2, wherein one or more of the indentations provide internal platform 
support members (15). 

4. A sole component according to any one of claims 1 to 3, wherein one or more of the indentations provide internal 
rib support members (12.13). 

5. A sole component according to any one of claims 1 to 4, further comprising a wall member (8) coextensive with at 
least a portion of the periphery of the top and bottom sheets. 

6. A sole component according to claim 5, wherein the wall member is formed from an integral portion of at least one 
of the top and bottom sheets. 

7. A sole component according to any one of claims 1 to 6, wherein the flexible high polymer resin is a flexible ther- 
moset polymer. 

8. A sole component according to any one of claims 1 to 6. wherein the flexible high polymer resin is a flexible ther- 
moplastic polymer. 

9. A sole component according to any one of claims 1 to 8, wherein the top and bottom sheets are composed of dif- 
ferent polymers. 

10. A sole component according to any one of claims 1 to 9. wherein the top and bottom sheets are of different thick- 
nesses. 

1 1 . A sole component according to any one of claims 1 to 10, further comprising an outsole (5) attached to at least a 
portion of the external surface of the bottom sheet. 

12. A sole component according to claim 1 1 , wherein the bottom sheet further comprises one or more recesses (25) 
and the outsole (26) comprises one or more protrusions integral with the outsole and in locking engagement with 
the recesses. 

13. A sole component according to any one of claims 1 to 12, wherein one or more of the indentations is joined to an 
indentation in the opposing member. 

Patentanspruche 

1. Schuhsohienkomponente mit einem flexiblen hochpolymeren Kunstharz-Kdrperteil zum Einbau in eine Schuh- 
sohle, aufweisend: 

(a) eine obere FuBplattform-Lage (40), und 

(b) eine untere Lage (41) in mindestens teilweise gemeinsamem Verlauf mit der oberen FuBplattform-Lage. 
wobei der gemeinsame Verlauf einander gegenuberliegende entsprechende Abschnitte der oberen und der 
unteren Lage festlegt und die obere und die untere Lage mindestens teilweise einen Abstand zueinander auf- 
weisen. wodurch ein Zwischenraum zwischen ihnen gebikJet wird. 

gekennzeichnet durch 

(c) mehrere Stutzelemente (9) in Form von Zahnungen sowohl in der oberen als auch in der unteren Lage. 
wobei die Zahnungen jeweils in der oberen und der unteren Lage mit der entsprechenden Lage integral aus- 
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gebiktet sind und auf einer Secte der entsprechenden Lage eine Vertiefung und auf der anderen Seiteder ent- 
sprechenden Lage einen Vorsprung bifcten, sich die jeweiligen Vorsprunge in den Zwischenraum hinein 
erstrecken und eine oder mehrere der Zahnungen gegen eine Zahnung der gegenuberliegenden Lage sto8en, 
urn die obere und die untere Lage in ihrem gemeinsamen Verlauf und Abstand zu halten. 

2. Sohlenkomponente nach Anspruch 1 , wobei eine oder mehrere der Zahnungen im wesentlichen konisch geformte 
Stutzelemente (10. 1 1. 14) bilden. 

3. Sohlenkomponente nach Anspruch 1 oder 2, wobei eine oder mehrere der Zahnungen interne Plattformstutzele- 
mente (15) bilden. 

4. Sohlenkorrponente nach einem der Anspruche 1 bis 3. wobei eine oder mehrere der Zahnungen interne Rippen- 
stutzelemente (12, 13) bilden. 

5. Sohlenkomponente nach einem der Anspruche 1 bis 4, mit einem Wandelement (8). das mit mindestens einem 
Abschnitt des Umfangs der oberen und der unteren Lage gemeinsam verl£uft. 

6. Sohlenkomponente nach Anspruch 5, wobei das Wandelement aus einem integralen Abschnitt der oberen 
und/oder der unteren Lage gebildet ist 

7. Sohlenkomponente nach einem der Anspruche 1 bis 6. wobei das flexible hochpolymere Kunstharz ein flexibies in 
Warme ausgehirtetes Polymer darstellt. 

8. Sohlenkomponente nach einem der Anspruche 1 bis 6, wobei das flexible hochpolymere Kunstharz ein flexibles 
thermoplastisches Polymer darstellt. 

9. Sohlenkomponente nach einem der Anspruche 1 bis 8. wobei die obere und die untere Lage aus verschiedenen 
Polyrneren aufgebaut sind. 

10. Sohlenkomponente nach einem der Anspruche 1 bis 9. wobei die obere und die untere Lage verschiedene Dicken 
aufweisen. 

11. Sohlenkomponente nach einem der Anspruche 1 bis 10, mit einer AuBensohle (5). die an mindestens einem 
Abschnitt der AuBenf lache der unteren Lage angebracht ist. 

1 2. Sohlenkorrponente nach Anspruch 1 1 , wobei die untere Lage auBerdem eine Oder mehrere Vertiefungen (25) und 
die AuBensohle (26) eine oder mehrere mit ihr integrale Vorsprunge in festem Eingriff mit den Vertiefungen auf- 
weist. 

13. Sohlenkomponente nach einem der Anspruche 1 bis 12, wobei eine oder mehrere der Verzahnungen mit einer Ver- 
zahnung des gegenuberliegenden Teils verbunden rst. 

Revendicatlons 

1 . Partie constitutive de semelle de chaussure, comprenant un corps en r6sine flexible de haul polym^re. faconnS en 
vue de Tincorporation dans une semelle de chaussure. ledrt corps comprenant en outre : 

(a) une feuille sup&ieure (40) servant de base pour le pied, et 

(b) une feuille infer ieure (41) en relation mutuelle au moins parti ellement §troite avec la feuille sup6rieure ser- 
vant de base pour le pied, la relation mutuelle 6troite d6finissant des parties correspondantes opposes de la 
feuille sup^rieure et de la feuille interieure, la feuille sup6rieure et la feuille inferieure 6tant au moins partielle- 
ment espac§es I'une de I'autre pour d§finir un intervalle entre elles, 

et §tant caract6rts6 par (c) plusieurs elements supports (9) sous la forme d'encoches dans k la fois la feuille 
sup&ieure et la feuille interieure. les encoches dans chacune des deux feuilles, feuille sup§rieure et feuille 
inf&ieure. faisant partie intSgrante de la feuille correspondante et formant un 6videment d'un c6t6 de chaque 
feuille et une saillie de I'autre c6t6 de chaque feuille, chaque saillie 6tant configure de maniere a s'&endre 
dans Tintervalle. une ou plusieurs des encoches touchant une encoche de la feuille oppos£e pour maintenir la 
feuille superieure et la feuille inferieure espac£es lune de I'autre et en relation mutuelle 6troite. 
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2. Partie constitutive de semelle selon la revendication 1 , dans laquelie una ou plusieurs des encoches fournissent 
des elements supports {10. 1 1 . 1 4) pratiquement en forme de cdne. 

3. Partie constitutive de semelle selon fa revendication 1 ou 2, dans laquelie une ou plusieurs des encoches fournis- 
sent des &6ments supports internes (15) en forme de base. 

4. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 3. dam laquelie une ou plusieurs des 
encoches fournissent des §tements supports internes (12, 13) en forme de nervures. 

5. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 4, qui comprend en outre un &6ment 
(8) formant paroi, qui Spouse au moins une partie de la p§riph£rie des feuilles sup&ieure et inferieure. 

6. Partie constitutive de semelle selon la revendication 5, dans laquelie I'6l6ment formant paroi est constituS d* une 
partie int§grante d'au moins Tune des deux feuilles. la sup£rieure et I'interieure. 

7. Partie constitutive de semelle selon Tune quelconque des revendications 1 k 6, dans laquelie la r6sine flexible de 
haut polymdre est un pdym£re thermodurci flexible. 

8. Partie constitutive de semelle selon I'une quelconque des revendications 1 k 6, dans laquelie la rGsine flexible de 
haut polymdre est un polym^re thermoplastique f lexible. 

9. Partie constitutive de semelle selon I'une quelconque des revendications 1 k 8, dans laquelie la feuille supSrieure 
et la feuille inferieure sont constitu6es de polym&res difterents. 

10. Partie constitutive de semelle selon I'une quelconque des revendications 1 k 9, dans laquelie la feuille supSrieure 
et la feuille inf §rieure ont des 6paisseurs differentes. 

11. Partie constitutive de semelle selon I'une quelconque des revendications 1 k 10, qui comprend en outre une 
semelle ext&ieure (5), f ix§e k au moins une partie de la surface externe de la feuille interieure. 

12. Partie constitutive de semelle selon la revendication 1 1 , dans laquelie la feuille interieure comporte en outre un ou 
plusieurs Svtdements (25) et la semelle exterieure comporte une ou plusieurs sailiies (26) qui font partie int^grante 
de la semelle exterieure et s'engagent dans les §videments pour la fixation. 

13. Partie constitutive de semelle selon I'une quelconque des revendications 1 & 12. dans laquelie une ou plusieurs 
des encoches sont raccord^es a des encoches de l'6l§ment oppose. 
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